Nanopatterns of gold clusters on a large surface of oriented Si (111) substrates, from the galvanic displacement of gold salt (via the spontaneous reduction of AuCl 4 -), are demonstrated in this work. The Si substrate is patterned by Focused Ion Beam (FIB) prior to being dipped in a gold solution. Here, we show that these patterns lead to successful control of the position and size of gold clusters. Sequential patterning reveals a powerful maskless alternative to surface preparation prior to Si nanowire growth.
Introduction
Gold nanoparticles are currently the interest of many studies as it is possible to synthesize particles with different sizes and shapes.
Many studies deal with the organization of these particles on surfaces or in volume, in order to obtain nanostructures with unique properties. The good chemical stability of gold, its high conductivity and dimension of the nanostructures offers many applications such as in optical spectroscopy (due to a surface enhanced effect with Plasmon wave) [1, 2] or in nanowire growth engineering [3] .
Galvanic displacement (GD) is an easy and efficient approach to deposit metallic layers on a conductive substrate [4] and is compatible with various lithographic processes [5, 6] . The reaction is fast, spontaneous and occurs at room temperature with less constraints than evaporation or sputtering processes [7] . Previous studies have shown epitaxial growth of gold islands during electrochemical processes [8, 9] Further, metal deposition occurs on conductive and semi-conductive surfaces but not on insulating surfaces [10] [11] [12] [13] . This specificity allows an oxide layer to be used as a mask to control metal localization on complex micro-architectures [14] .
The natural selectivity of GD allows it to be used for a bottom-up approach to surface patterning. In the present study, we combine this technique with a sequential method of nanostructuring based on Focused Ion Beam (FIB) lithography which can be used to draw any desired pattern.
In the first part of this work we briefly describe gold deposition through the galvanic displacement process followed by a discussion of the effect of FIB patterning of the substrate and of a thermally oxidized layer on the substrate for the localisation of gold drops. Finally, we present the use of a gold ad-hoc nanoarray for ordering Si nanowires growth.
Experimental Procedure
The samples used in this study are Si(111) substrates with or without oxide layers. The sample preparation consists of a two or three step process depending on the substrate used. 
Results and Discussion
In order to study surface effects on deposited gold, three different samples were used: 1) hydrogenated silicon substrate without FIB, 2) hydrogenated silicon substrate with FIB and 3)
silicon with patterned thermal oxide.
Hydrogenated silicon surface without FIB
Galvanic displacement deposition of gold is usually performed in a fluorinated solution in order to simultaneously dissolve oxide silicon due to gold-salt reduction [15] . This reaction can also occur without addition of HF and is known as "self-limited deposition" [16] . In the first case, a topographic picture shows Electroless selective deposition of gold nano-array for silicon nanowires growth 3
In order to deposit gold exclusively in the patterns, we suggest using a silicon oxide layer as a trap for Ga atoms. To reduce undirected gold deposition we use the selflimited alternative of GD (i.e. without HF during metal deposition). A brief dipping in highly diluted HF prior to deposition avoids a thin native oxide layer in the bottom of holes. This increase of selectivity with a silicon oxide layer used as a mask for galvanic deposition of gold has been previously described [17] .
Oxide layer structuration
In the second case, topographic pictures show nanoparticles of gold. After dipping the surface with self-limited deposition in HF solution, less particles are present ( Figure 2) ; these images show that some particles stay on pure silicon and are not removed during oxide dissolving.
Hydrogenated silicon surface milled by focused ions beam
Ga FIB milling of hydrogenated silicon surface allows for gold deposition control. Implanted areas can be used to limit gold deposition directly on the Si surface (without oxide) while allowing to localize gold clusters (Figure 3 ). Dots and line patterns were performed with 1 µm step and 2.5 x 10 15 ions cm -2 s -1
.
Outside the FIB pattern, the surface is covered with gold droplets.
Alternatively, FIB patterns are without gold which is only present between dots or lines. This phenomenon seems to be clearly related to the presence of Ga. Removing Ga by thermal and HCl treatment allows more gold in and between FIB milling as shown in Figure 4 . 
Discussion
A galvanic displacement reaction is a spontaneous electrochemical mechanism which occurs where there is a large Controlling the metal deposition [29, 30] on a conductor or semiconductor is of interest for further controlled crystalline growth of nanomaterials [31] , improving electrocatalytic performance [6] , and also for optical sensors [32] .
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achieved by successive dipping in highly diluted HF and gold salt deposition.
The sequential FIB process allows ad-hoc structures with nanoscale resolution, which can be used in various technologies (Supporting Information), to be obtained. Sequential top-down structuration followed by full-wafer metal deposition combines the versatility of top-down approaches with the spontaneity and speed of a bottom-up process. Making a template on large surface with self-assembly methods can also be compatible with GD to obtain very large nanopatterns [20] [21] [22] .
Au drops on Si substrate [7] are used for Si nanowire (NW)
growing. SiNWs growth via a vapor-liquid-solid mechanism [23, 24] and can be implemented in CVD [21, 22] or MBE [25] .
MBE allows precise control over growth rates, which we expect to lead to a greater degree of control of the SiNWs shapes. First, results with homogeneous substrates lead to NWs with very different sizes and shapes ( Figure 9 ). We managed to use gold patterns to grow SiNWs with a MBE process which must be improved ( Figure 10 ). Controlling the position and size of gold droplets, which are used as seed, can allow engineering position and shapes of NWs [25] [26] [27] [28] .
Conclusions
This study reports FIB structuring of silicon wafers in order to precisely control the position and size of gold clusters. We achieved placement of groups of gold particles of hundreds nanometers in width with a lateral resolution of half of a 
